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The N(1710) P11 state is confirmed in the re-analysis of the piN → KΛ production;
it is a good candidate for a non-strange pentaquark
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Re-analyzing the old piN → K Λ data, the additional proof is given for the existence of the
N(1710) P11 state, critically needed in light of reported observations of exotic Θ(1539) and Ξ(1862)
pentaquarks. An existing single-resonance model with S11, P11 and P13 Breit-Wiegner resonances
in the s-channel has been applied. It has been shown that the standard set of resonant parameters
fails to reproduce the shape of the differential cross section. The new resonance parameter determi-
nation has been performed keeping in mind the most recent knowledge about nucleon resonances.
The extracted set of parameters has confirmed the need for the strong contribution of a N(1710) P11
resonance. The need for any significant contribution of the P13 resonance has been eliminated. To
reproduce the total cross section at the same time with the linear dependence of the differential
cross sections with the cos θ in the energy range 1650 MeV < W < 1800 MeV the P11 resonance
can not but be quite narrow.
PACS numbers: 12.38.-t,13.30.Eg, 13.75.Gx, 14.20.-c,14.20.Gk, 14.40.Gk,
The confirmation and the additional proof for the exis-
tence of the N(1710) P11 resonance quite recently turned
out to be critically needed in light of reported obser-
vations of exotic pentaquark Θ(1539) [1] and Ξ(1862)
[2] states. The N(1710) P11 state is associated with
the non-strange member of the pentaquark anti-decuplet,
and octet ⊗ anti-decuplet configurations predicted by
chiral soliton [3, 4] and qqqqq¯ strong color-spin corre-
lated models [5]. For fixing the scale, the chiral soli-
ton model [3, 4] has used the mass of the N(1710) P11
resonance as the non-strange pentaquark input. The
qqqqq¯ strong color-spin correlated model [5] has fixed
its scale by identifying the the first - ([ud]2s¯) state as
Θ+, the second - ([ud]2d¯) state as N(1440)-Roper reso-
nance, and the N(1710) P11 state is identified with the
third - ([ud][su]+s¯) hidden strangeness state Ns. As the
exotic pentaquark states turn out to be experimentally
established, it is reasonable to assume that the physical
N(1710) P11 state corresponds to a pentaquark state as
well. The main aim of this paper is, therefore, the confir-
mation of the N(1710) P11 existence. The known problem
of the discrepancy in width remains unaddressed: when
accepted, the N(1710) P11 physical state is fairly wide
(90 < Γ¯PDG < 480 MeV) [6], but both quark models
have predicted that the width of a non-strange member
of the pentaquark multiplet is narrow (Γpq < 40 MeV).
At this moment it is important to emphasize that with-
out the KΛ data, even the sole existence of N(1710) P11
resonance is seriously questioned [7, 8, 9]. The energy-
dependent coupled-channel Chew-Mandelstam K ma-
trix methods do not see any N(1710) P11 state, while
all coupled-channel T-matrix Carnegie-Mellon Berkeley
type models (CMB) [10, 11, 12], however, do indisputably
need it, and report it to be strongly inelastic. In the
only coupled-channel PWA which includes the KΛ data
[13] the poles and residues are extracted on the basis of
speed plot technique described by Ho¨hler [14], and the
direct calculation of the T-matrix in the complex en-
ergy plane is bypassed because of technical complexity
needed for the analytical continuation of all Feynman
diagrams into the complex energy plane. Anyhow, it
comes out with the result that the N(1710) P11 reso-
nance definitely exists, and exhibits a strong coupling to
inelastic channels, KΛ in particular. Let us point out
that the problem of identifying the N(1710) P11 state
seems to be more of fundamental than of technical na-
ture. Namely, in the paper by Cutkosky and Wang [15]
it has been shown that the coupled-channel method pre-
dicts the existence of additional N(1710) P11 resonance
in the energy range where the energy-dependent coupled-
channel Chew-Mandelstam K matrix method does not
see anything, when fitting the identical set of single en-
ergy T-matrices. It has been explicitly concluded that
the differences in resonance structure in the two afore
described models arise from the different parameteriza-
tion of the energy dependence, rather than differences in
the data. The answer to this puzzle is yet to be given,
but it is conceivable that the number of imputed chan-
nels is insufficient, and that more rigorous inclusion of
KΛ channel is needed.
The experimental data for the process piN → KΛ are
available for quite some time [16, 17, 18, 19]. The dif-
ferent measurements have agreed just upon a few issues:
the data clearly show a distinct structural behavior in the
vicinity of 1700 MeV and the differential cross sections
[18, 19] show a clearly recognizable linearity in cos θ up
to 1850 MeV. As the experiments admit the systematic
error of 8 - 15 % in absolute normalization, the observed
structure is smeared in energy making any conclusions
about the profile of the structure very difficult. Even
2when the agreement about the position and the width
of the structure is achieved, the interpretation of its ori-
gin remains unclear. It can be interpreted either as a
genuine T-matrix pole, namely the signal of a qqq or a
qqqqq¯ resonance, or as a cusp effect resulting from the
opening of the KΣ channel. The distinction between the
resonant and the cusp effect interpretations is as well
non-trivial. To claim that the structure is a genuine T-
matrix pole requires a full scale coupled-channel analysis
which manifestly incorporates the appearance of cusp ef-
fects, and a clear and unambiguous search for the poles
in the complex energy plane via well defined analytical
continuation. Anything less (Argand diagrams, fits to
different single-resonance models,..) fails on the basis of
first principles as it has been demonstrated in the search
for the dibaryon resonance hidden in the 1D2 and
3F3
partial waves in the pp→ pp elastic scattering [20]. Par-
tially because of data dissipation, and partly because of
technical complexity, the piN → KΛ process have not yet
been included as the part of the data base in the existing
coupled-channel pi-nucleon partial wave analyses (PWA)
[7, 8, 9, 10, 11, 12, 21, 22, 23, 24] until late 90-es [13], and
even there, according to the authors themselves, play a
minor role because of large errors and are included for
completeness only.
The N(1710) P11 resonance parameters have been for
the first time extracted from the piN → KΛ data in a
single-channel energy-dependent phase shift analysis [25],
which was soon afterwards upgraded using the new set
of data [19]. Because of using only one channel, the ex-
tracted resonances for the S11, P11 and P13 partial waves
do not necessarily describe all pi-nucleon channels at the
same time, so the single-channel result should be coor-
dinated with the values obtained in the multi-channel
PWA. That has been attempted in ref. [13].
In this article the differential cross section for the
piN → KΛ process is described as a coherent sum of
Breit-Wigner resonance contributions for the s-channel:
dσ
dΩ
= N
∣∣∣∣∣
N∑
l=0
al±T
piN,KΛ
2I,2l±
∣∣∣∣∣
2
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1
2
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2I,2J =
xch
Γ
2
M −W − iΓ2
. (1)
where N is the normalization constant, al± are corre-
sponding angular dependent expansion coefficients while
M , Γ and xch are resonance masses, widths and branch-
ing ratios respectively. The t-channel resonant contribu-
tion of K∗(892) meson is in this calculation neglected,
because the product of the K∗piK and K∗ΛN coupling
constants, which enters the model, is poorly determined,
and due to the kinematical behaviour of the K∗(892)
propagator influences the shape of the differential cross
section significantly only at energies far above the do-
main of interest of 1650-1750 MeV [13]. The square root
recipe for the T piN,KΛ2I,2J matrix is generally valid in a sin-
gle resonance approximation, but is believed to be a fair
approximation within a resonance energy domain for any
full calculation. Therefore, the use of a single resonance
model should be sufficient to establish the relevant reso-
nance parameters near the top of the resonance.
The collection of data sets which we have used for a
comparison with the predictions of our model [16, 17, 18,
19] declare an 8 - 15 % systematic error in the absolute
normalization, therefore an overall normalization of ab-
solute scale is in order. The smearing of the structure in
the total cross section, due to the normalization uncer-
tainties in the reported experiments has been lessened by
creating the amalgamated data set. Because three out of
four experiments [16, 18, 19] report the peak of 920 µb
at the energy of 1694 MeV, we have chosen to normal-
ize all data accordingly. In addition, we have shifted
the whole Knasel et al. data set [18] up in energy for 9
MeV. That step is open for criticism because it implic-
itly questions the energy calibration of that particular
experiment. That is not our intention. At this point,
we are primarily interested in the shape of the structure,
namely its width, because we tend to interpret it as a
possible narrow non-strange pentaquark candidate. The
mass of the resonance is not of our prime conceren. By
shifting the peak of the structure to the same energy
we automatically extract the common width from all ex-
periments, because otherwise the width is smeared and
comes out bigger then actually extracted from each ex-
periment separately. We could have shifted other three
experiments 9 MeV down in energy and obtain the same
width, but lower mass.
The single-resonance model calculation has been re-
peated using the standard set of parameters for the
N(1650) S11, N(1710) P11 and N(1720) P13 resonances
of ref. [6], the parameters are given in Table 1 denoted
as ”PDG”, and the agreement with experiment is given
in Figs. 1. and 2. as thin solid line. That choice of pa-
rameters reproduces the absolute value of the total cross
section reasonably well, and manages to reproduce the
shape of the angular distribution only at W=1683 MeV.
However, it fails miserably in reproducing the shape of
the differential cross section data at other energies.
TABLE I: Resonance parameters for the single resonance
model.
M [MeV ] Γ[MeV ] xpiN [%] xKΛ[%]
S11 P11 P13 S11 P11 P13 S11 P11 P13 S11 P11 P13
PDG 1650 1710 1720 150 100 150 70 15 15 7.0 15 6.50
Sol 1 1652 1713 1720 202 180 244 79 22 18 2.4 23 0.16
Sol 2 1652 1713 1720 202 180 244 79 22 18 2.4 35 0.16
Sol 3 1652 1700 1720 202 68 244 79 22 18 3.0 32 0.16
The disagreement of the calculated shape of the differ-
ential cross section with the amalgamated data set has
been eliminated by performing a fit to the amalgamated
data set in such a way that we have kept masses and
3widths of the N(1650) S11, N(1710) P11 and N(1720) P13
resonances fixed to the values given in ref. [11], and var-
ied the KΛ branching ratios in the Breit-Wigner parame-
terization given in Eq.(1). The energy dependence of the
Breit-Wigner resonance width, which ensures the correct
threshold and high energy behavior is kept as in ref. [11].
We have obtained a good description of the absolute
value of the total cross section maintaining the shape of
the differential cross sections of the piN → KΛ process,
which turnes out to be linear in cos θ (indicated by ex-
perimental data of ref. [18, 19]). This has technically
been done by dividing the total χ2 into two equally con-
tributing sub parts: one originating from the total, and
second from the differential cross sections. The special
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FIG. 1: The agreement of the amalgamated experimental
data for the total cross section (ref. [16]-full diamonds;
ref. [17]-open diamonds; ref. [18]-open boxes and ref. [19]
full boxes) with the single resonance model predictions us-
ing different inputs for the resonance parameters: ”standard”
(PDG) set (thin solid line); Sol 1 (dotted line); Sol 2 (dashed
line) and Sol 3 (thick solid line).
care has been taken to reproduce the peak experimental
data at W ≈ 1700 MeV because the validity of the sin-
gle resonance model is expected to weaken outside that
range. In that way we have obtained Sol 1 and Sol 2
with the Breit-Wigner parameters given in Table 1, and
the agreement with data given with dotted and dashed
lines in Figs. 1. and 2.
Because of the observed linearity of the differential
cross section, the contribution of the N(1720) P13 res-
onance notably decreases.
Consequently, due to the reduction of the total cross
section, the contribution of the P11 resonance to KΛ
channel significantly rises.
The branching ratio of S11 resonance to KΛ channel
turns out to be somewhat smaller then previously be-
lieved.
Calculated total piN → KΛ cross sections (Sol 1 and
Sol 2) can not describe amalgamated data set from 1650
to 1800 MeV successfully for any choice of KΛ branching
fraction for the resonance masses and widths of ref. [11].
The Sol 1 fits the upper part of the energy range and
under-shoots the peak of the resonance, while Sol 2 fits
the resonance part but over-shoots the high energy part.
That conclusion is in complete agreement with the lat-
est description of the piN → KΛ total cross section data
given in ref. [27]. If the constructed amalgamated data
set gets the experimental confirmation the N(1710) P11
resonance can not be as wide as presently expected [6].
In order to improve the agreement of the single reso-
nance model with the amalgamated data set, namely to
generate a solution which agrees with the total cross sec-
tion throughout the whole energy range simultaneously
keeping the linearity of differential cross section we have
performed a fit where we have released the width of the
N(1710) P11 resonance. We have obtained Sol 3, given in
Table 1, and compared with experimental data in Figs.
1. and 2. (thick solid line). We have obtained the best
agreement with the experiment for a strongly inelastic
and quite narrow P11 resonance. The conclusion about
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FIG. 2: The agreement of the amalgamated experimental
data for the differential cross section (ref. [18] - open boxes
and ref. [19] - full boxes); with the single resonance model
predictions using different inputs for the resonance parame-
ters: ”standard” (PDG) set (thin solid line); Sol 1 (dotted
line); Sol 2 (dashed line) and Sol 3 (thick solid line).
the width of the N(1710) P11 resonance is valid only un-
der the condition that its branching fraction to the KΣ
channel is small, otherwise the cusp effect might effec-
tively reduce the width obtained within the framework
of the single resonance model. However, according to the
ref. [6], that condition seems to be accomplished.
Believing that the necessary conditions are fulfilled we
conclude that the narrow P11 state (Γ ≈ 68 MeV) with
the mass of 1700 MeV is not only consistent, but even
favored by the existing data set, in particular when the
latest measurement giving not only total cross section
but angular distributions as well [19] is taken as most
reliable.
The tendency of having the width of the N(1710) P11
state narrower in KΛ single-channel analysis then in
other pi-nucleon channels [6] offers the speculation that
in that particular channel we do see the admixture of the
pentaquark state to a standard qqq state. We illustrate
4that statement.
A simple non-unitary addition of extra P11 resonance
to a single resonance model (now we have two resonances
with the strong KΛ branching ratio in the P11 par-
tial wave) further improves the agreement of the model
with experiment. The fit gives a solution with both
P11 resonances degenerated in mass (M ≈ 1700 MeV),
but the first P11 resonance tends to be much narrower
(Γ ≈ 40 MeV), while the second one is much wider
(Γ ≈ 240 MeV). However, having an ”extra” P11 state is
not altogether a novelty, as a second P11 state at 1740±11
MeV is reported to be seen in the PWA analysis of ref.
[11] in 1995. overall
In order to confirm that the N(1710) P11 resonance
is, or at least has the admixture of a non-strange
pentaquark, the precise measurement of the total cross
section and angular distributions of the piN → KΛ pro-
cess in the energy range 1613 MeV < W < 1900 MeV
is urgently needed. The non-ambiguous elimination of
a cusp effect as a source of the observed structure can
be given only in the framework of a coupled-channel,
multi-resonance theoretical analysis. As the the KΣ
channel is the most probable reason for the cusp
effect it has to be included in such an analysis. The
data for the piN → KΣ process in the energy range
1683 MeV < W < 1900 MeV are scarce [28] so the
measurement of the total cross section and angular
distributions for that process are badly needed as well.
In this article, using the single resonance model only,
we show a strong indication that a standard, wide P11
resonance is incompatible with the existing data, and
that a narrow P11 state weakly coupled to the KΣ
channel is quite probable.
Summary
The single resonance model calculation using the stan-
dard set of parameters for the N(1650) S11, N(1710) P11
and N(1720) P13 resonances of ref. [6] reproduces the
absolute value of the total cross section reasonably well,
and manages to reproduce the shape of the angular
distribution only at W=1683 MeV. However, it fails
miserably in reproducing the shape of the differential
cross section at other energies.
The single resonance model fits indicate that the lin-
ear shape of the differential cross section can be main-
tained only if the contribution of the N(1720) P13 res-
onance is negligible, and that the agreement of the to-
tal cross section with the data in the energy range
1650 < W < 1800 MeV can be achieved only if the
N(1710) P11 resonance is narrow (Γ ≈ 68 MeV).
In order to give any conclusions about the na-
ture of the 1700 Mev structure, the re-measuring
of the total and differential cross sections for the
piN → KΛ and piN → KΣ processes in the energy range
1613 MeV < W < 1800 MeV is badly needed because of
the serious incoherence of experimental data. The deci-
sive conclusion about the existence of the P11 non-strange
pentaquark will be possible only when the improved set of
data is fully incorporated in one of the existing coupled-
channel partial wave analyses [7, 8, 9, 10, 11, 12, 21, 22,
23, 24] .
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